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Council-WES Research Associateship. The report was prepared by PTI
Environmental Services under Contract No. DACW39-93-0006 to Barry A. Vittor
and Associates.

Preface



Planning and Evaluating Restoration of Aquatic Habitats

The editors and authors wish to thank several individuals who contributed to the
preparation of this report: Ms. Jennifer Sampson prepared Chapter 3 and assisted
with preparation of Section 5F. Drs. Val Cullinan, Jack Word, Jeff Brandt, Mary
Kentula, and Susan Thomas reviewed earlier drafts of Chapter 4. Mr. John
Thompson and Mr. Neal Phillips assisted with the preparation of Section 5A. Mr.
Tim Thompson assisted with the preparation of Section 5B. Mr. Tim Thibaut
assisted with the preparation of Section 5C. Dr. Greg Garman provided
information and literature on anadromous fisheries restoration on the James River,
Virginia. Ms. Laurel Marcus provided information on the Los Pefiasquitos Lagoon
restoration project in San Diego, California. Dr. Paul J. Currier provided
information on the Platte River restoration project in central Nebraska. Mr. Jerry
Hardy provided information for the Long Pine Creek, Nebraska, restoration
project. Many of the concepts in this report were clarified by visits to restoration
sites in the Pacific Northwest, New England, and Florida. The following
individuals supplied expertise, logistical support, and access to these sites: Mr.
Rollie Montagne, Port of Portland, and Mr. Joe Pesche, Oregon Department of
Fish and Wildlife for the Government Island and Ramsey Lake sites, Portland,
Oregon; Dr. Steve Grainger, University of Rhode Island and Dr. Chris Diacutus,
Rhode Island Department of Environmental Management for Narragansett Bay
sites; Mr. Larry Oliver and Mr. Matt Walsh, New England Division, Corps of
Engineers and Mr. Brian Tefft, Rhode Island Department of Environmental
Management for the Gallilee Marsh (Rhode Island) and Sagamore Marsh
(Massachusetts) sites; Mr. James Connor and Mr. Dave Walker, St. Johns River
Water Management District, for the Lake Griffin, Lake Apopka, and Emerelda
Marsh sites, Florida; and Ms. Kim Taplin, Jacksonville District, Corps of
Engineers, for the Central and Southern Florida Project ecosystem management
activities.

The report was prepared under the general supervision at IWR of Mr. Michael R.
Krouse, Chief, TARD; Mr. Kyle E. Schilling, Director, IWR; and at WES, of Mr.
H. Roger Hamilton, Chief, Resource Analysis Branch; Dr. Douglas Clark, Acting
Chief, Coastal Ecology Branch; Dr. Robert M. Engler, Chief, Natural Resources
Division; Dr. Conrad J. Kirby, Chief, Ecological Research Division,and Dr. John
W. Keeley, Director, EL.

At the time of publication of this report, Mr. Kyle E. Schilling was Acting
Director, WRSC, and Dr. Robert W. Whalin was Director of WES. Commander
of WES was COL Bruce K. Howard.

Preface



Planning and Evaluating Restoration of Aquatic Habitats

CONTENTS

LIST OF FIGURES
LIST OF TABLES

ACRONYMS AND ABBREVIATIONS

1. INTRODUCTION

PURPOSE OF REPORT

SYNOPSIS OF REPORT

HOW THIS REPORT WAS PREPARED

SUMMARY OF KEY CONCEPTS
What is Restoration?
Ecosystem Perspectives and Spatial Scales
Adaptive Management

REFERENCES

2. ECOLOGICAL PLANNING PROCESS FOR RESTORATION
PROJECTS

OVERVIEW OF THE PLANNING PROCESS
DEFINING OBJECTIVES

ECOLOGICAL MODELS, HYPOTHESES, AND KEY
PARAMETERS

g

xx1

Xxvii

XXix

1-1

1-1

1-1

1-3

1-4
1-4
1-5

Contents



Planning and Evaluating Restoration of Aquatic Habitats

Page
RESTORATION DESIGNS, FEASIBILITY, AND
EXPERIMENTATION 2-17
IMPLEMENTATION, MONITORING, AND ADAPTIVE
MANAGEMENT 2-19
REFERENCES 2-22
3. INCORPORATING ECOLOGICAL THEORY INTO
RESTORATION PROJECT PLANNING 3-1
PHYSICAL HABITAT VARIABILITY 3-1
LANDSCAPE ECOLOGY 3-2
Watershed Perspective 3-3
Aquatic-Terrestrial Ecotones 34
SPECIES INTERACTIONS 3-4
Competition 34
Predation 3-5
Coevolution 3-5
Symbiosis 3-5
KEYSTONE SPECIES AND ECOLOGICAL ENGINEERS 3-5
ROLE OF DISTURBANCE 3-6
Legacies 3-7
Lag Times 3-7
CONCLUSION: SPATIAL AND TEMPORAL SCALES 3-7
REFERENCES 3-9

O
Contents

vi



Planning and Evaluating Restoration of Aquatic Habitats

Page

4. GOAL SETTING AND ADAPTIVE MANAGEMENT 4-1
RESTORATION GOALS 4-1
UNCERTAINTY IN RESTORATION PROJECTS 4-2
ADAPTIVE MANAGEMENT IN RESTORATION 4-3
IMPLEMENTING ADAPTIVE MANAGEMENT 4-8
Annual Assessments 4-8
System-Development Matrix 4-9

General Model 4-9

Benthic Community Example 4-13

Marsh Development Example 4-15
REFERENCES 4-18

5. ECOSYSTEM AND RESTORATION PROFILES ' 5-1
5A. OPEN COASTLINE AND NEAR COASTAL WATERS 5A-1
ECOSYSTEM PROFILE 5A-1
Intertidal Habitats 5A-1

Rocky Shorelines S5A-1

Geographic Distribution 5A-1

Zonation Within Habitats S5A-2

Biological Community 5A-2

Key Ecological Processes 5A-4

Functional Values 5A-5

Causes for Deterioration 5A-5

Assessment of Habitat Health S5A-5

Sandy Beaches and Sand Dunes SA-5

Geographic Distribution S5A-5

Zonation Within Habitats 5A-5

Biological Community 5A-6

Key Ecological Processes 5A-6

Functional Values 5A-8

]
Contents

vii



Planning and Evaluating Restoration of Aquatic Habitats

Page
Causes for Deterioration 5A-9
Assessment of Habitat Health 5A-9
Subtidal Habitats 5A-9
Coral Reefs 5A-9
Geographic Distribution 5A-9
Zonation Within Habitats 5A-9
Biological Communities SA-12
Key Ecological Processes 5A-12
Functional Value 5A-14
Causes for Deterioration 5A-14
Assessment of Habitat Health 5A-15
Live Bottom Areas 5A-15
Geographic Distribution 5A-15
Zonation Within Habitats 5A-15
Biological Community 5A-15
Key Ecological Processes SA-16
Functional Values 5A-17
Causes for Deterioration 5A-17
Assessment of Habitat Health 5A-17
Worm Rock Reefs : S5A-17
Geographic Distribution 5A-17
Zonation Within Habitats 5A-17
Biological Community 5A-18
Key Ecological Processes 5A-18
Functional Values 5A-19
Causes for Deterioration 5A-19
Assessment of Habitat Health S5A-19
Artificial Reefs 5A-19
Geographic Distribution 5A-19
Zonation Within Habitats 5A-20
Biological Community 5A-20
Key Ecological Processes 5A-20
Functional Values 5A-21
Causes for Deterioration 5A-22
Assessment of Health Habitat 5A-22
Algal Communities 5A-22
Geographic Distribution 5A-22
Zonation Within Habitats 5A-22
Biological Community 5A-22

1 Contents

viii



Planning and Evaluating Restoration of Aquatic Habitats

Key Ecological Processes

Functional Values

Causes for Deterioration

Assessment of Habitat Health
Seagrass Beds

Geographic Distribution

Zonation Within Habitats

Biological Community

Key Ecological Processes

Functional Values

Causes for Deterioration

Assessment of Habitat Health
Non-Vegetated Soft Bottom Communities

Geographic Distribution

Zonation Within Habitats

Biological Community

Key Ecological Processes

Functional Values

Causes for Deterioration

Assessment of Habitat Health

KEY ENVIRONMENTAL PARAMETERS
RESTORATION PROJECTS

Coral Reef Restoration of Shipwreck Sites within Florida Keys
National Marine Sanctuary
Restoration Approach
Evaluation of Restoration Efforts

Boca Raton Artificial Reef Project
Restoration Approach Used
Evaluation of Restoration Efforts

Lincoln Park Beach Shoreline Erosion Control Project
Restoration Approach
Evaluation of Restoration Efforts

REFERENCES

Page

5A-24
5A-26
5A-27
5A-27
5A-27
5A-27
5A-27
5A-28
5A-29
5A-31
5A-31
5A-31
5A-31
5A-31
5A-31
5A-31
5A-35
5A-36
5A-36
5A-36

5A-37
5A-37
5A-44
5A-46
5A-47
5A-47
5A-48
5A-48
5A-51
5A-53
5A-53

5A-55

1

Contents



Planning and Evaluating Restoration of Aquatic Habitats-

Page

5B. SUBTIDAL ESTUARIES 5B-1

ECOSYSTEM PROFILE 5B-3

Soft Bottom Habitats 5B-4

Geographic Distribution 5B-4

Zonation within Habitats 5B-4

Tidal and Salinity Range Zonation 5B-4

Sediment Zonation 5B-5

Biological Community 5B-7

Key Ecological Processes 5B-11

Nutrient Sources and Distribution 5SB-11

Important Species Interactions 5B-15

Detrital Processing and Nutrient Regeneration 5B-17

Habitat Heterogeneity 5B-18

Key Natural Disturbances 5B-19

Landscape Interactions ' 5B-21

Functional Values 5B-21

Causes for Deterioration 5B-22

Assessment of Habitat Health 5B-22

Hard Bottom Habitats 5B-23
Natural Substrates: Rocky Shores and Gravel/Cobble

Beaches 5B-25

Geographic Distribution 5B-25

Zonation Within Habitats 5B-25

Biological Community 5B-26

Key Ecological Processes 5B-28

Functional Values 5B-30

Causes for Deterioration 5B-30

Assessment of Habitat Health 5B-31

Artificial Substrate 5B-32

Reefs 5B-32

In-Bay Terraces 5B-35

Modified Substrates : 5B-39

Geographic Distribution 5B-39

Biological Community : 5B-39

Key Ecological Processes 5B-40

KEY ENVIRONMENTAL PARAMETERS 5B-40

- ]
' Contents
%



Planning and Evaluating Restoration of Aquatic Habitats

Page
RESTORATION PROJECTS 5B-43
Capping of Dredged Material Containment Mounds in Long
Island Sound 5B-49
Restoration Approach 5B-51
Evaluation of Restoration Efforts 5B-51
Adaptive Management 5B-51
Ecosystem-Level Planning 5B-53
Safe-Fail Success 5B-53
In Situ Capping in Wyckoff/Eagle Harbor 5B-53
Restoration Approach 5B-55
Evaluation of Restoration Efforts 5B-57
Adaptive Management 5B-57
Ecosystem-Level Planning 5B-57
Safe-Fail Success 5B-58
Oyster Reef Restoration within Slaughter Creek 5B-58
Restoration Approach ' 5B-60
Evaluation of Restoration Efforts 5B-60
REFERENCES 5B-62
5C. ESTUARINE AND COASTAL WETLANDS 5C-1
ECOSYSTEM PROFILE 5C-1
Salt Marshes 5C-1
Geographic Distribution 5C-2
Zonation Within Habitats 5C-2
Biological Community 5C-3
Tidal Freshwater Wetlands 5C-7
Geographic Distribution 5C-7
Zonation Within Habitats 5C-8
Faunal Community 5C-9

]
Contents

Xi



Planning and Evaluating Restoration of Aquatic Habitats

Mangrove Forests
Geographic Distribution
Zonation Within Habitats
Biological Community

Seagrass Beds
Geographic Distribution
Zonation Within Habitats
Biological Community

KEY ECOLOGICAL PROCESSES

Nutrient Detrital Sources and Distribution
Detrital Processing and Nutrient Regeneration

FUNCTIONAL VALUES
ASSESSMENT OF HABITAT HEALTH

Physical Indicators
Increased Elevation
Decreased Elevation
Sediment Texture Changes
Increased Turbidity

Biological Indicators
Presence of Barren Zones
Excessive Epiphytic Growth
Invasion of Non-Marsh Species
Proliferation of Weedy Species
Absence of Key Fauna

KEY ENVIRONMENTAL PARAMETERS

Primary Factors
Water Depth
Circulation and Currents
Turbidity
Substrate Quality

b2
xii

Page

5C-10
5C-11
5C-11
5C-12

5C-12
5C-14
5C-14
5C-15

5C-17

5C-17
5C-18

5C-19

5C-19

5C-19
5C-19
5C-20
5C-20
5C-20

5C-20
5C-20
5C-21
5C-21
5C-22
5C-22

5C-22

5C-22
5C-22
5C-24
5C-24
5C-24

Contents



Planning and Evaluating Restoration of Aquatic Habitats

Salinity
Redox Potential

Secondary Factors
RESTORATION PROJECTS
Project Type 1: Hydrologic Regime Restoration

Project Type 2: Hydrologic Change Through Elimination of
Navigation Channels

Project Type 3: Removal of Fill Material

Page

5C-24
5C-25

5C-25

5C-26

5C-26

5C-28

5C-28

Project Type 4: Restoration of Water and/or Sediment Quality 5C-29

Barrier Island and Back Barrier Marsh Reconstruction
Restoration Approach
Evaluation of Restoration Efforts

Florida Keys Seagrass Restoration Project
Restoration Approach
Evaluation of Restoration Efforts

Los Pefiasquitos Lagoon Enhancement Plan and Program
Restoration Approach
Evaluation of Restoration Efforts

Tampa Bay Habitat Mitigation Improvement Project
Restoration Approach
Evaluation of Restoration Efforts

Salmon River Marsh Restoration Project
Restoration Approach
Evaluation of Restoration Efforts

REFERENCES

5C-29
5C-31
5C-31

5C-32
5C-32
5C-34

5C-34
5C-36
5C-37

5C-37
5C-38
5C-38

5C-40
5C-40
5C-42

5C-43

Xiii

Contents



5D. FRESHWATER WETLANDS
WETLAND CLASSIFICATION SYSTEMS
Hydrogeomorphic Approach to Wetlands Analysis
Water Regimes Used in Cowardin et al. (1979)

ECOSYSTEM PROFILE

Unvegetated and Poorly Vegetated Wetlands
Geographic Distribution
Zonation Within Habitats
Biological Community

Aquatic Bed Wetlands
Geographic Distribution
Zonation Within Habitats
Biological Community

Emergent Wetlands
Geographic Distribution
Zonation Within Habitats
Biological Community

Moss-Lichen Wetlands
Geographic Distribution
Zonation Within Habitats
Biological Community

Scrub-Shrub Wetlands
Geographic Distribution
Zonation Within Habitats
Biological Community

Forested Wetlands
Geographic Distribution
Zonation Within Habitats
Biological Community

Planning and Evaluating Restoration of Aquatic Habitats

Page

5D-1

5D-3

5D-5

5D-17

5D-18

5D-20
5D-20
5D-21
5D-21

5D-21
5D-22
5D-22
5D-22

5D-23
5D-23
5D-24
5D-24

5D-26
5D-26
5D-26
5D-27

5D-27
5D-28
5D-28
5D-28

5D-29
5D-29
5D-29
5D-29

%
xiv

Contents



Planning and Evaluating Restoration of Aquati¢ Habitats

KEY ECOLOGICAL PROCESSES

Nutrient Sources and Distribution, Detrital Processing, and
Nutrient Regeneration

Important Species Interactions
Habitat Heterogeneity and Key Natural Disturbances
Landscape Interactions
FUNCTIONAL VALUES
ASSESSMENT OF HABITAT HEALTH
KEY ENVIRONMENTAL PARAMETERS
RESTORATION PROJECTS
Specific Caveats for Restoration
Central Platte River Restoration
Restoration Approach
Evaluation of Restoration Efforts
Restoration of Prairie Potholes
Restoration Approach
Evaluation of Restoration Efforts
Restoration on Little Cicero Creek, Central Indiana
Restoration Approach

Evaluation of Restoration Efforts

REFERENCES

Page

5D-31

5D-31
5D-33
5D-37
5D-39
5D-39
5D-40
5D-43
5D-43
5D-46
5D-49
5D-52
5D-55
5D-56
5D-58
5D-58
5D-60
5D-62
5D-64

5D-65

Xv

Contents



Planning and Evaluating Restoration of Aquatic Habitats

Page

5E. STREAMS AND RIVERS 5E-1
ECOSYSTEM PROFILE SE-1
Stream Habitat 5E-1
Geographic Distribution SE-2
Zonation Within Habitats 5E-3
Biological Community SE-6
Microbes and Detritus SE-8

Invertebrates SE-8

Fishes 5E-8

Public Concern Species SE-9

Important Natural Resources SE-9

River Habitat 5E-9
Geographic Distribution 5E-10
Zonation Within Habitats : SE-10
Biological Community : 5E-10
Microbes 5E-10

Invertebrates SE-10

Fishes S5E-11

Public Concern Species 5E-11

Important Natural Resources SE-11

KEY ECOLOGICAL PROCESSES 5E-12
Nutrient Cycling and Detrital Processing SE-12
Habitat Heterogeneity and Key Natural Disturbances 5E-12
Landscape Interactions SE-13
FUNCTIONAL VALUES SE-13

% Contents
XVi



Planning and Evaluating Restoration of Aquatic Habitats

Page

CAUSES OF DETERIORATION SE-13
Point Source Pollution SE-14
Nonpoint Source Pollution SE-14
Land Use Conversion SE-14
Hydrologic Modification SE-15
ASSESSMENT OF HABITAT HEALTH SE-15
KEY ENVIRONMENTAL PARAMETERS SE-18
RESTORATION PROJECTS 5E-18
Restoration of Fish Passage in the James River 5E-23
Project Approach S5E-25
Evaluation of Restoration Efforts SE-26

Lone Pine Creek Rural Clean Water Program 5E-27
Restoration Approach 5E-29
Evaluation of Restoration Efforts SE-31
REFERENCES ' 5E-32
S5F. LAKES AND RESERVOIRS 5F-1
ECOSYSTEM PROFILE SE-2
Littoral and Littoriprofundal Habitats SF-2
Geographic Distribution S5F-4
Zonation Within Habitats 5F-4
Biological Community SF-4
Profundal Habitat 5F-5
Geographic Distribution SE-5

Zonation Within Habitats 5F-5
Biological Community 5F-6

|
Contents

xvii



Planning and Evaluating Restoration of Aquatic Habitats

Pelagic Habitat
Geographic Distribution
Zonation Within Habitats
Epilimnion
Hypolimnion
Biological Community

Tributaries
KEY ECOLOGICAL PROCESSES
Nutrient Sources and Distribution
Important Species Interactions
Detrital Processing and Nutrient Regeneration
Habitat Heterogeneity
Littoral and Littoriprofundal Zones
Profundal Zone
Pelagic Zone
Key Natural Disturbances
Floods
Wind
Freezing
Reservoir Drawdown
Landscape Interactions
FUNCTIONAL VALUES
ASSESSMENT OF ECOLOGICAL HEALTH

KEY ENVIRONMENTAL PARAMETERS

xviii

Page

5F-6
S5F-6
S5F-7
SF-7
SE-7
SE-7

S5F-8

5F-8

5F-9

5F-9
5F-13
5F-14
5F-14
5F-14
SF-15
5F-15
5E-15
5F-16
5F-16
SF-16
5F-17
5F-17
5F-17

5F-18

Contents



Planning and Evaluating Restoration of Aquatic Habitats

Page

RESTORATION PROJECTS 5F-22
Lake Monroe Watershed Management 5F-22
Restoration Approach SE-29
Evaluation of Restoration Efforts 5F-30
Restoration of Lake Apopka 5F-31
Restoration Approach 5F-34
Evaluation of Restoration Efforts 5F-35
REFERENCES SF-37

Contents
XIX



Planning and Evaluating Restoration of Aquatic Habitats

)
Contents

XX



Planning and Evaluating Restoration of Aquatic Habitats

LIST OF FIGURES

Page

Figure 2-1.  Ecological planning process for environmental restoration
projects 2-3

Figure 2-2.  Example diagram of materials flux within lakes and
IEServoirs 2-11

Figure 2-3. Example food web for lake in northeastern United
States 2-12

Figure 2-4.  Example fault tree analysis for population decline due to
toxic chemicals 2-13
Figure 4-1.  Approaches to restoration 4-4

Figure 4-2.  Restoration potential and most appropriate approach for
systems with varying degree of disturbance 4-6
Figure 4-3.  General system-development matrix 4-10

Figure 4-4.  System development matrix for benthic infauna colonizing
dredged material in a marine system 4-14
Figure 5A-1. Classical zonation pattern for rocky shorelines 5A-3

Figure 5A-2. A generalized food web for the coastal marine ecosystem
in the mid-Atlantic coastal region S5A-7

Figure 5A-3. Generalized structure of coral reefs seen off the Florida
Keys 5A-10

Figure 5A-4. Typical vegetation layering zones of a Pacific coast kelp
forest 5A-23
Figure 5A-5. Food web of a southern California kelp bed 5A-25

|
List of Figures

XXi



Figure 5A-6.

Figure 5A-7.

Figure 5A-8.

Figure 5A-9.
Figure 5A-10.
Figure 5B-1.

Figure 5B-2.

Figure 5B-3.

Figure 5B-4.

Figure 5B-5.

Figure 5B-6.

Figure 5B-7.

Figure 5B-8.

Figure 5B-9.

Planning and Evaluating Restoration of Aquatic Habitats

Biotic provinces proposed by various biogeographers for
the Atlantic and Gulf coasts of the United States

Biotic provinces in general use for the Pacific coast of the
United States and northern Mexico

Location of M/V Maitland and M/V Elpis coral reef
restoration projects

Location of the Boca Raton artificial reef area

Location of the Lincoln Park erosion control project
Normal and antiestuarine (lagoon) circulation
Development of macrofaunal-sediment relationships over
time/space following either a physical or chemical distur-
bance

A simplified generic estuarine food web

A generalized food web showing the relationship between
different detrital pools and the grazing food chain in an
estuary

Detrital food chains in Florida mangrove systems
Sediment-water column nutrient recycling

Biological patchiness in an otherwise homogeneous
physical/chemical environment reflects past disturbance

events

A conceptual chronology of effects following exposure to
toxic pollutants

Cross sectional view of Le Meridien Eelgrass Restoration
Area

Page

5A-32

5A-33

5A-45

5A-49

5A-52

5B-2

5B-9

5B-12

5B-13

5B-14

5B-16

5B-20

5B-24

5B-37

List of Figures

*x
XXil



Planning and Evaluating Restoration of Aquatic Habitats

Page
Figure 5B-10. Permanent shallow water habitat and confined aquatic dis-
posal (CAD) site for the Port of Los Angeles Pier 400
project 5B-38
Figure 5B-11. Example of an energy flow diagram based on carbon flux
for a Georgia salt marsh 5B-48
Figure 5B-12. Long Island Sound and the central Long Island Sound dis-
posal site 5B-50
Figure 5B-13. Schematic section of a capped mound 5B-52
Figure 5B-14. Eagle Harbor location map 5B-54
Figure 5B-15. Approximate location of PAH-enriched hot spot,
Wyckoff/Eagle Harbor Superfund site, East Harbor
operable unit 5B-56
Figure 5B-16. Locations of the study sites in the Chesapeake Bay 5B-59
Figure 5C-1. Food web for emergent brackish marsh habitat 5C-5
Figure 5C-2. Diagram showing the ultimate utilization of smooth
cordgrass on the eastern shore of Virginia 5C-6
Figure 5C-3. Diagram of energy flow through the mangrove
community 5C-13
Figure 5C-4. Conceptual model of seagrass communities 5C-16
Figure 5C-5. Barrier island and back barrier marsh reconstruction site,
Isle Dernieres (Terrebonne Parish) 5C-30
Figure 5C-6. Florida Keys seagrass restoration project 5C-33

Figure 5C-7. Los Pefiasquitos lagoon enhancement plan and program  5C-35

Figure 5C-8. Tampa Bay seagrass and marsh restoration projects 5C-39

|
List of Figures

xXiil



Planning and Evaluating Restoration of Aquatic Habitats

Figure 5C-9.
Figure 5D-1.
Figure 5D-2.

Figure 5D-3.
Figure 5D-4.

Figure 5D-5.

Figure 5D-6.

Figure 5D-7.
Figure 5D-8.
Figure 5D-9.
Figure 5D-10.

Figure 5D-11.

Figure 5D-12.

Salmon River salt marsh restoration project
Typical hydroperiods for various freshwater marshes

Principal sources of water

Cross section through a freshwater marsh showing plant
zones according to flooding regime and typical plants
found in each zone

Drawdown cycle in prairie pothole freshwater marshes
showing changes in vegetation and dominant aquatic
macroinvertebrates

Cross section of the Missouri River in North Dakota
showing the distribution of important tree species

A simplified representation of a section across a
bottomland hardwood forest from stream to upland,
showing how various functions of interest to humans
change across the transect

Conceptual model of decomposition in a freshwater
marsh

The relationship between productivity and hydrologic
conditions in forested cypress swamps

Relationships between valley floor landforms, riparian
vegetation, and invertebrates

Cause/effect relationships between disturbance types and
altered wetland characteristics

Central Platte River, Nebraska

The Central Flyway concentrates millions of migrating
birds past the Platte River in central Nebraska

XXiv

Page
5C-41
5D-2

5D-7

5D-19

5D-25

5D-30

5D-32

5D-34

5D-35

5D-38

5D-41

5D-50

5D-51

3

List of Figures



Planning and

Figure 5D-13.

Figure 5D-14.

Figure 5D-15.

Figure 5E-1.

Figure 5E-2.

Figure 5E-3.

Figure 5E-4.

Figure 5E-5.

Figure SE-6.

Figure 5E-7.

Figure 5F-1.
Figure SF-2.

Figure 5F-3.
Figure 5F-4.

Figure SF-5.

Evaluating Restoration of Aquatic Habitats

Changes in channel morphology and riparian habitat
resulting from water management activities on the North
and South Platte Rivers

Distribution of wetland restorations by township for all
projects completed by state and federal agencies in the
southern prairie pothole region between 1987 and 1991

Location of Little Cicero Creek restoration site

Simplified diagram of energy flow within the Desert
Biome Aquatic Model

Simplified representation of the interaction of hydrological
and biogeochemical process operating within a drainage
basin

Variability of channel forms based on the supply of
sediment, channel stability, and channel gradient

Effects of impoundment on the supply of organic matter
and the resulting change in composition of stream macro-
benthos

Estimated recovery times for stream communities based
on differing stressors

The James River basin showing the location of dams
(black bars) affecting fish passage

Long Pine Creek watershed - project area, subasin, and
critical area boundaries

Habitat zonation within lakes

Materials flux within lakes and reservoirs

Monroe Reservoir watershed land use/land cover

Lake Apopka and the other lakes in the Upper Ocklawaha
River basin

Lake Apopka muck lands

Page

5D-53

5D-57

5D-61

5E-4

5E-5

5E-7

5E-16

5E-21

SE-24

5E-28

5F-3
5F-12

SF-28

5F-32

5F-33

List of Figures

XXV



Planning and Evaluating Restoration of Aquatic Habitats

List of Figures



Planning'and Evaluating Restoration of Aquatic Habitats

LIST OF TABLES

Page
Table 2-1. Examples of outputs for aquatic restoration projects 2-7
Table 2-2. Example hypotheses for Vaquatic restoration projects 2-9
Table 2-3. Examples of key parameters for aquatic habitats 2-14

Table 2-4. Restoration project planning and implementation checklist  2-21
Table 4-1. Ranking of different approaches for restoration 4-5

Table 5A-1. A bank reef zonation pattern typical of the south Florida reef
tract S5A-11

Table 5A-2. Common plants and animals seen along the Florida reef
tract , 5A-13

Table 5A-3. Key environmental parameters along open coastline and near
coastal waters 5A-38

Table SA-4. Restoration projects along open coastline and near coastal :
waters 5A-42

Table 5B-1. Ecologically meaningful salinity ranges based on the Venice
classification system (modified from Carriker 1967) 5B-6

Table SB-2. Benthic ecosystem attributes associated with pioneering and
late stage series 5B-10

Table 5B-3. Examples of West and East Coast hard bottom niche
substitutions, Gulf Coast equivalents and tropical types when

stressed 5B-27
Table 5B-4. Key environmental parameters in subtidal estuaries 5B-41
Table 5B-5. Restoration projects in subtidal estuaries 5B-44

1
List of Tables

XXVii



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Planning and Evaluating Restoration of Aquatic Habitats

5B-6.

5C-1.

5C-2.
5D-1.

5D-2.
5D-3.
5D-4.

5D-5.
5D-6.
SE-1.
SE-2.
SE-1.
5E-2.
SE-3.

5F-4.

Page
Summary of data for spat and oyster size and survival at the
Slaughter Creek experimental shell cap and casson and
Susquehanna natural oyster bar sites in 1988, 1989, and
1990 5B-61
Key environmental parameters in estuarine and coastal
wetlands 5C-23
Restoration projects in estuarine and coastal wetlands 5C-27
Comparison of wetland classification systems 5D-6
Examples of geomorphic setting as a property of
hydrogeomorphic classification 5D-8
Examples of water source and climate as a property of
hydrogeomorphic classification 5D-11
Examples of hydrodynamic properties of hydrogeomorphic
classification 5D-13
Key environmental parameters in freshwater wetlands 5D-44
Restoration projects in freshwater wetlands 5D-47
Key environmental parameters in streams and rivers SE-19
Restoration projects in streams and rivers 5E-22

Nutrient requirements for algal growth in aquatic systems S5F-10

Tools for assessing ecological health in lakes 5F-19
Key environmental parameters in lakes and reservoirs SF-23
Restoration projects in lakes and reservoirs 5F—26_

3

i List of Tables

XXViii



Planning and Evaluating Restoration of Aquatic Habitats

ACRONYMS AND ABBREVIATIONS

CAD confined aquatic disposal

CDE coupled differential equation

Corps U.S. Army Corps of Engineers

DAMOS disposal area monitoring system

DOC dissolved organic carbon

DOM dissolved organic matter

EEIRP Evaluation of Environmental Investments Research Program
EPA - U.S. Environmental Protection Agency

GIS geographic information system

HEP Habitat Evaluation Procedure

HGM hydrogeomorphic

MLW mean low water

PAH polycyclic aromatic hydrocarbon

POC particulate organic carbon

POM particulate organic matter

PRT Platte River Whooping Crane Maintenance Trust
PSWH permanent shallow water habitat

SAV submerged aquatic vegetation

USFWS U.S. Fish and Wildlife Service

WET Wetland Evaluation Technique

1
Acronyms and Abbreviations

XXixX



Planning and Evaluating Restoration of Aquatic Habitats

* Acronyms and Abbreviations

XXX




Planning and Evaluating Restoration of Aquatic Habitats

INTRODUCTION

Pace Wilber and John Titre

PURPOSE OF REPORT

The Civil Works Program of the U.S. Army Corps of Engineers (Corps) recog-
nizes the importance of habitat restoration as an aspect of the federal government's
responsibility to serve as an active steward of our nation's natural resources (e.g.,
Section 1135 of the Water Resources and Development Act of 1986, Section 204
of the Water Resources and Development Act of 1992). The Corps believes its
role in meeting this responsibility will increase. In anticipation of that increase and
to better meet existing responsibilities, the Evaluation of Environmental Invest-
ments Research Program (EEIRP) identified impediments to restoration planning
within the Corps planning process and proposed alternative guidance. This report
addresses these issues from an ecological perspective; other EEIRP reports directly
address engineering, economic, planning, and institutional concerns.

This report describes important ecological processes and characteristics that should
be considered when restoring aquatic and marine habitats. It is written for
engineers, planners, and managers who do not have extensive backgrounds in
ecology and for biologists new to habitat restoration. The purpose of the report is
to foster discussions within multidisciplinary planning teams, not take the place of
those discussions. Detailed, local knowledge and experience is the best source of
information for planning habitat restoration projects, and teams of individuals that
collectively have broad ranges of expertise are the best project planners (NRC
1992). Chapters 1 through 4 cover ecological issues relevant to most restoration
projects, regardless of habitat type, and should be useful to all readers. Chapter 5
is divided into sections based on ecosystems; readers may want to focus only on the
ecosystem-specific discussions relevant to their work.

SYNOPSIS OF REPORT

Chapter 1: Introduction. This chapter briefly overviews the report, describes how
it was prepared, and summarizes three important concepts that emerged during the
report's preparation. Four chapters follow these introductory comments.

Chapter 2: Ecological Planning Processes for Restoration Projects. This chapter
describes the conceptual framework that this report is based on. It outlines a
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process for restoration planning that emphasizes concepts discussed in later
chapters, such as adaptive management and ecosystem processes. It also
discusses when planning requires the site-specific information outlined in
Chapter 5. The fundamental message of Chapter 2 is that clear, technically
sound, and ecologically-based objectives are essential to restoration planning.
Once these goals are set, it is relatively easy to identify the environmental
parameters and the temporal and spatial scales needed to achieve those goals.
Clear goals will also make it easy to identify the parameters that measure the
project’s success or failure.

Chapter 3: Incorporating Ecological Theory into Restoration Project Planning.
Discussions begun in Chapter 2 about links between ecological science and
restoration planning are continued in this chapter. Chapter 2 refers to some of
these links when outlining the planning processes that form the framework for this
report. Chapter 3 explains these links in more detail and addresses links not
covered in the previous chapter. The fundamental message of Chapter 3 is that
ecosystems are dynamic and stochastic, not static and deterministic. For a project
to meet its intended public uses (i.e., to be successful), it must persist or evolve
in an acceptable manner. Interactions between organisms, such as succession and
competition, and natural disturbance processes have the potential to modify a
project’s long-term outcome, and these modifications could diminish the intended
uses of a project, perhaps to such a degree that the public views the project as a
failure. Project designs must take these forces of change into account. This is
relatively easy for physical processes because they are relatively well understood
and modeled. Ecological processes are more problematic, but just as important.

Chapter 4: Goal Setting and Adaptive Management. Adaptive management is an
effective way to manage restoration projects because it recognizes that long-term
commitments are necessary to make most projects successful and that a variety
of actions and adjustments may be necessary to achieve a desired outcome. After
introducing the concepts of goal setting and adaptive management, this chapter
provides a general model for the implementation of adaptive management that
contrasts project objectives against performance in a defensible fashion. The
model envisions a project progressing through a matrix of ecological states that
are unique combinations of structural and functional characteristics specifically
defined for that project. Progress through this matrix is not necessarily linear nor
is it irreversible. Long-term, but not necessarily intensive, monitoring is needed
to determine where a projects falls in the matrix and where it might be heading.
Long-term commitments by responsible parties are needed to ensure appropriate
actions are taken when necessary to redirect the project’s evolution.

Chapter 5: Ecosystem and Restoration Profiles. This chapter takes the general
concepts discussed in the previous chapters and illustrates their application in
specific freshwatet and coastal habitats. There are six ecosystem sections
presented: 1) open cogs‘tline and near coastal waters, 2) subtidal estuaries, 3)
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estuarine and coastal wetlands, 4) freshwater wetlands, 5) streams and rivers, and
6) lakes and reservoirs. Adjacent terrestrial ecosystems are described only
incidentally. Unfortunately, any divisions between habitat types in a report such
as this will sacrifice ecological principles for matters of convenience. The
divisions presented herein are good for site-level planning, which is the most
common type of restoration project currently undertaken by the Corps and the type
of project most Corps funding mechanisms target. However, these divisions do not
work well for watershed-level planning because watersheds include multiple aquatic
habitat types, as well as upland ecosystems. In this case, it may be necessary to
read several ecosystem sections, as well as the materials dealing with the relevant
terrestrial ecosystems, to obtain the desired information. Each section describes
the ecosystem, key environmental processes, and the types of restoration projects
that commonly occur within that ecosystem. The later subsection is problem
oriented (i.e., it lists ecological problems that commonly occur in the habitat along
with likely solutions to those problems). Two or more case studies are included
in the Restoration Projects section for each ecosystem to illustrate the range of
ongoing restoration activities both by project scope and geographic location. These
studies were also chosen to identify the effectiveness of restoration planning and
management in meeting project objectives and whether project implementation
exhibited the following three criteria:

1. Adaptive management rather than traditional fixed-scope contracting
procedures

2. Ecosystem-level (e.g., watershed) planning rather than species-
specific restoration

3. Safe-fail approach to judging success, considering the tendency of
systems to reach an ecologically valuable equilibrium even if it is
not the intended outcome.

HOW THIS REPORT WAS PREPARED

Private consultants, academics, and Corps staff prepared this report during a 2-year
period. Collectively, this group, identified in the Preface, has experience restoring
the major aquatic and coastal habitat types found in the continental United States;
several members have previously served on environmental review boards from the
National Research Council, United Nations, and several states. The group met
periodically to review progress and discuss emerging issues. These meetings
usually involved visits to nearby restoration projects conducted by the Corps or
state or local governmental agencies. These visits helped emphasize points made

during meeting discussions and provided concrete examples of real-world problems
and solutions.
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SUMMARY OF KEY CONCEPTS

What is Restoration?

There are many definitions of habitat restoration, and it is easy for discussions
to go awry because of these differences. The important point is to recognize that
human desires, ecological history, and ecological and engineering feasibility all
play roles in planning habitat restoration. These diverse inputs can lead to a
variety of potential endpoints for a particular restoration project, and it should be
recognized that more than one endpoint may be acceptable to the public. NRC
(1992) distinguishes between three general restoration goals, which are useful
when discussing habitat restoration: restoration returns an ecosystem to a close
approximation of its condition before it was disturbed, rehabilitation improves a
system to a “good working order,” and management manipulates a system to
ensure maintenance of one or a few functions. These concepts overlap and may
be thought of as a continuum. Discriminating between the potential endpoints of
a restoration project typically involves deciding which part of the res-
toration/rehabilitation/management continuum one is targeting. Throughout this
report, the term restoration refers to this entire continuum.

Ecosystem Perspectives and Spatial Scales

It is important to understand and clearly articulate the spatial scale of habitat
restoration projects because crossing scales confuse many issues and confounds
communication. It also is important to view projects in a watershed or ecosystem
context (U.S. GAO 1994; Interagency Ecosystem Management Task Force 1995).
For some projects, the exact parcel of land that will be restored is known before
restoration planning begins because it is the only land available for a project. In
this situation, ecological and engineering constraints will likely yield few
alternative endpoints for the project, and taking an ecosystem perspective will
likely equate to considering how the project will be affected by processes
originating outside its borders.

In some cases, the watershed or ecosystem in which the project will occur and the
project budget are known before the planning process begins. In this situation,
the objective becomes how to best make use of those funds in the system G.e.,
what will give the most ecological improvement and what will win the most
public support given the general location and funding constraints. Furthermore,
the symptoms of environmental degradation that drew attention to the area may
not be the best symptoms to address, so project goals should be flexible in the
early planning stages. For example, complaints about channel-induced erosion
to upland bird habitat may be why the Corps was asked to examine the feasibility

of habitat restoration in an area, but additional marsh habitat may be what the
%
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ecosystem needs more. Finally, the objective (and budget) may be to restore an
entire watershed or ecosystem. In this case, the questions becomes “What needs
to be changed for the area to meet our intended uses and what is the best path to
that endpoint?”

Adaptive Management

Chance events affect the results of restoration projects, and many project design
decisions include considerable amounts of uncertainty. NRC (1992), U.S. GAO
(1994), and Interagency Ecosystem Management Task Force (1995) recommend
dealing with these realities by taking an adaptive management approach to habitat
restoration.  Adaptive management is an interactive process that regularly
reexamines choices in the light of past outcomes. “Safe-fail” approaches (i.e.,
initially building several alternative designs that target the same endpoint so that

subsequent actions can capitalize on best results) can be an important part of this
implementation.

Adaptive management is relatively common for large projects, although project
managers rarely use this term. Budget and logistical constraints typically require
large restoration projects (e.g., the Kissimmee River restoration) to be imple-
mented incrementally, allowing information about the results of early stages to
be considered when designing and implementing later stages. The amount of
information collected about the progress of early stages differs between projects,
but most groups recognize the benefits of detailed information. Adaptive
management is less common with smaller projects because institutional pressures
encourage agencies to construct projects quickly and minimize post-implementa-
tion assessments. Instead, projects should be implemented in a tiered fashion that
allows information about results from early tiers to be factored into the implemen-
tation of successive tiers.

Adaptive management requires flexible goals and designs and a long-term
commitment to detailed monitoring and fine tuning after initial implementation.
The potential benefits of adaptive management are great and widely recognized
within the governmental community, so institutional impediments to its use should
not persist.
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2. ECOLOGICAL PLANNING PROCESS FOR RESTORATION
PROJECTS

Robert Pastorok and Anne MacDonald

Effective planning is critical for restoration projects to maximize the overall
success of restoration efforts and minimize costs. The planning process proposed
in this chapter is based on experience with numerous restoration projects on a
variety of scales. Many past projects embrace the key elements of the planning
process but not necessarily all of the details described below. It has been found
that many small to moderate-sized restoration projects have failed to achieve their
potential because project planning efforts have been too limited. At best, projects
in this category have succeeded on restricted terms (e.g., a good project for the
site but not necessarily the optimum project for the region) and done as well as
they have only because the professional judgment of the project planners was
seasoned with years of accumulated local ecological knowledge. Commonly, the
restoration objectives of such a project are vague, making success or failure
impossible to evaluate. At worst, projects have failed to provide the minimum
ecological functions necessary for the site because of an inadequate understanding
of the ecological system being manipulated (e.g., a riverine backwater area fills
with sediment or becomes anoxic within a decade of construction because
watershed sediment routing, nutrient cycling, and hydrology were poorly
understood).

Planning for any restoration project should define clear objectives that are
quantitative statements of physical conditions (e.g., 20 percent attenuation of the
10-year flood peak) or biological results (e.g., the composition and structure of
biological communities to be achieved) or a characterization of optimal habitats
for target species. The success of the planning process depends on identifying
key ecological processes within the ecosystem of concern and understanding those
processes in relation to the objectives of the project. Identifying these processes
and determining appropriate restoration objectives requires a relatively sophisti-
cated understanding of the ecological principles and natural history described in
later chapters of this report.

This chapter describes a useful ecological planning process for habitat restoration
projects. Following an overview, the following major elements of the ecological
planning process are addressed: 1) the importance of defining objectives; 2) the
role of ecological models, restoration hypotheses, and key ecological parameters;
3) suggestions for dealing with uncertainty and avoiding the pitfalls inherent in
many restoration projects; 4) restoration designs, feasibility, and experimentation;
and 5) the stages of implementation and monitoring.

|
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OVERVIEW OF THE PLANNING PROCESS

The primary steps in the ecological planning process proposed here are to:
®m  Define habitat of concern and existing problem(s)
m  Develop objectives for restoration
m  Develop a conceptual model of the ecosystem to be restored

®m  Develop restoration hypotheses (e.g., regarding responses to
specific habitat manipulations or transplant efforts)

m Identify key ecological parameters to be manipulated or monitored

m  Evaluate restoration hypotheses using ecological models or
reference site information

m  Develop restoration design
m  Perform feasibility, cost, and impact analysis
m  Develop final restoration design and implementation plan

m  Perform monitoring and adaptive management.

Figure 2-1 shows the relationships among these steps in the ecological planning
process and the supporting evaluations. Supporting steps involve review of site
data, regional information, and case studies. In planning exercises for major
restoration projects, experimental manipulations may also be conducted on a
microcosm (e.g., laboratory) or mesocosm (e.g., field) scale to aid in understand-
ing key parameters, processes, and potential pitfalls. Experimental studies may
be especially important during feasibility studies.

DEFINING OBJECTIVES

Defining project objectives is the most important single step in the planning
process because it ensures that a “road map” for the project is in place. To
define the objectives, the site ecosystem and its historical development must be
understood first. The depth of understanding necessary will vary by site, but the
section on the relevant ecosystem type(s) in the Ecosystem and Restoration
Profiles chapter of this report is a good guide to what topics should be evaluated.
Key concepts of ecological theory that should be applied to each site are discussed
in the next chapter. In most instances, site-specific baseline studies will be
required along with the professional judgment of scientists with experience at the
site or in similar habitats. Often, developing an understanding of the site is an

*
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Site Data

Ecoregion
* Reference area
* Landscape context

Case Studies

Bench and/or Field-Scale
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Habitat enhancement
Spatial/temporal scale
Outputs

* Sediment/water criteria

* Community structure

* Species abundance

* Habitat index

o Objectives/Outputs